Europaisches Patentamt ft 
European Patent Office ® Publication number: 0 4Ub JU1 

Office europeen des brevets 



EUROPEAN PATENT APPLICATION 

® 




® Application number: 88308082.2 ® lnt - a " : £ F 1/58 B 01 J 19/08, 

© Da t,of«..n 0 : 01.0,88 B 01 J 19/12, A 61 L 2/02 



© Priority: 04.09.87 US 94000 

(43) Date of publication of application : 
08.03.89 Bulletin 89/10 

(m) Designated Contracting States: 
BE DE FR GB IT NL 



© Applicant: Henderson, Robert B. 
48-300 Sandringham Crescent 
London Ontario N6C5B4 (CA) 

@ Inventor: Henderson, Robert B. 
48-300 Sandringham Crescent 
London Ontario, N6C5B4 (CA) 

Robertson, Michael K. 
81 Ponderosa Crescent 
London Ontario, N6E2L5 (CA) 

(ft Representative: Carpmael, John William Maurice et al 
CARPMAELS & RANSFORD 43 Bloomsbury Square 
London, WC1 A 2RA (GB) 



@ Fluid purification. 

<S> A purifier for water or air removes, reduces or detoxifies 
fganic pollutants therefrom by causing the fluid to contact a 
matrix (11) having surfaces with which a fixed anatase ^ or 
other photoreactive metal semiconductor material is bonded in 
the presence of light of a wavelength that will activate the 
material. 
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Fluid purification 



Field of the Invention 

5 

This invention relates to the purification of a fluid, for example water or air. and more particularly to the 
ESSr # r ?5 lu 1 ct,on or det °xffication from water or air of organic pollutants, such as polychlorobiphenyls 
(PCS s), trihalomethanes, benzene derivatives, pesticides and others, some of which are mentioned below. 

10 Prior Art 

It has been known for some time that titanium dioxide can achieve photodechlorination of PCB's as 
described by J.H. Carey et al in "Photodechlorination of PCB's in the Presence of Titanium Dioxide in Aqueous 
Suspensions, "Bulletin of Environmental Contamination & Toxicology, Vol. 16, No. 6, pp. 697-701 1976 
Springer-Verlag New York Inc. Carey et al describe irradiation by ultra violet light with a wavelength of 365 nm 
of a 25 ppb aqueous solution of Aroclor 1254* in the presence of suspended particulate titanium dioxide After 
30 mm. no unreacted Aroclor could be detected in solution or adsorbed on the surface of the Ti0 2 Similar 
experiments were conducted with other PCB's and resulted in an observed disappearance of the chlorinated 
biphenyls and the production of chloride ions. 

R.W. Matthews has reported the conversion (often called "mineralization) of a number of organic 
compounds to carbon dioxide by exposure to near ultra violet light in aqueous suspensions of anatase a form 
of crystalline titanium dioxide. The solutes studied were benzene, benzoic acid, benzoate ion, salicylate ion 
phenol, chlorobenzene, aniline, anilinium ion, nitrobenzene, chloroform and formic acid ("Carbon Dioxide 
Formation from Organic Solutes in Aqueous Suspensions of Ultraviolet-Irradiated Ti0 2 . Effect of Solute 
Concentration" by R.W. Matthews, Aust. J. Chem., 1987, 40,001-000, pp 1-9). The same author had earlier 
reported similar results with benzoic acid or sodium benzoate ("Hydroxylation Reactions Induced by 
Near-Ultraviolet Photolysis of Aqueous Titanium Dioxide Suspensions," J. Chem. Soc. Faraday Trans. 1, 1984 
80, pp 457-471). 

Chen-Yung Hsiao et al have also reported the mineralization of chloromethanes to C0 2 and HC! by the 
heterogeneous photocatalyst Ti0 2 ("Heterogeneous Photocatalysis: Degradation of Dilute Solutions of 
Dichloromethane (CH 2 CI 2 ), Chloroform (CHCI 3 ), and Carbon Tetrachloride (CCU) with Illuminated Ti0 2 
Photocatalyst," Journal of Catalysis 82, 1983, pp 418-423). 

Similar reactions have not been limited to Ti0 2 . Other metal semiconductors, such as ZnO, CdS W0 3 and 
Sn0 2 , have been utilized in photocatalytic processes for the degradation of environmental contaminants 
( Photocatalysis Over Ti0 2 Supported On A Glass Substrate," by N. Serpone et al. Solar Energy Materials 
14(1986) pp 121-127, Elsevier Science -Publishers B.V.-North-Holland Physics Publishing Divisions 
Amsterdam). * 
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Summary of the Invention 

The object of the present invention is to adapt this previously observed laboratory reaction to a practical 
fluid purification system for either commercial or domestic use, e.g. for the purification of potable water or for 
treating industrial wastes or environmental spills, or for removing pollutants from air. 

Most of the laboratory reactions discussed in the literature referred to above involve forming a suspension 
of particulate Ti0 2 ( or other metal semiconductors) in the water containing the organic pollutants that are to be 
converted into harmless by-products. This procedure is impracticable for the commercial purification of water 
because the particulate Ti0 2 would have to be subsequently removed before the water could be used and this 
would be either impossible or prohibitively expensive. 

in its preferred form, the present invention solves this problem by firmly bonding the Ti0 2 or other metal 
semiconductor (subsequently referred to as the "photoreactive material") with, to or into surfaces of a 
substrate that has the properties of a large surface area for coating with the photoreactive material a porous 
construction such that the fluid to be treated can thoroughly contact the coated surfaces, and' sufficient 
transparency to light at a wavelength to which the photoreactive material photoreacts to ensure that all the 
coated surfaces receive such light at an adequate energy level to ensure the catalytic or photoreactive effect 

The bonding of the photoreactive material to the substrate must be so firm that no appreciable amount of it 
enters the fluid. 

The preferred form of base material for use as the substrate is a length of fiberglass mesh that has been 
wound into a cylindrical, multi-layer sleeve having a number of convolutions superposed on each other 

Fiberglass absorbs only a small percentage of the light at the wavelengths used, i.e. between 300 and 425 
nm, and hence such mesh is substantially transparent. The sleeve is preferably such that the holes in the mesh 
of one convolution are oriented out of alignment in relation to the holes in the next convolution. 
Combined with the facts that a large proportion of a typical mesh is holes and that the strands absorb only a 
small amount of the light passing through them, such a non-aligned orientation enables the light to pass 
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« o,«n<Weal tanp on h— « »9= ™^ J.'XESwm.WM ooaleJ on M outer convolution. Tho 

by superposed layers of any other physical shape, such as a jmn o g {ubes Qf 

coated films could be rol.ed ^^l^TiS*^ 

^r^eTr^ 

transparent to the light can be used. Such an assembly can achats J^££, n|e88 steel that is Itself 
e.g. every open mesh, orfrom tts ^ ■^H^^SftKS form, i.e. the substrate as a whoie 
opaque to the light can be used, provide d it has °? ency of the substrate will depend on how many 
is "sufficiently transparent. What ™^* s *f™"™™S?7else of other materials is not precluded 
layers (convolutions) are superposed on ^one pother W s ™ materjals from tne viewp oints of 

S£W— ,ransparency and its inertness t0 " 

^ver. it is not essential to use a meshjhe Invention is operab.e when the photoreactive materia, is in 
the form of a bonded coating on any suitable ' «"^twe. non . woven insulation type material, or 

^jS^S&tSt 2; I*— • «~ ,o mo — «« 1 « — - - «- 
photoreactive material bonded tn e re ^- ra9rtive material the preferred method of bonding it to the 

T«taniuma, k0 ,dee,e r ^ 

controlled amount of an acid, e.g nitric acid an Mr, o shoul{j cQntajn a w 

adopted for forming a coating solute ^ the ^ the process being carried out in dry 

alkoxide. The fiberglass mesh Is then idipped ^^^fJJ,, in ' a controlled hydrolysis process, i.e. 
conditions. Subsequent exposure of the ^JJ^^^^ Mrt ^Aft*«d^P^.th- 
causes setting of the polymer to yield an amorphous Tio 2 layer ^on ™ ■ hous , ayer t0 the anatase 

coated mesh is fired at about WCter£u^ b dinfl 

crystal structure necessary tor the any measurable amount of the anatase 

tt£EZ™"^£^»^ Thls bondin9 may invo,ve a c 

bonding between the substrate and the anatase. 

can replace the Ti0 2 . such as CdS. CdSe f^™^** ^ e non _ oxide semiconductors must be 
The sol-gel technique can only be used to apply met* n °^f D0 ^ n no ale 0 ctroplatin g or sintering. In this 
^ed by some other means, such as by vacuum or ^S?2jlJS5£t is usuab.e with non-flat 
regard, it is important to note that so -ge ^^^L^Xl mechanical configuration before 
surfaces. Consequently, sol-gel allows Mrtaiflon • rflta Mb be changed . The baS e material 
coating. With the non-oxide ^^f^ Q £^^o^Tli then fabricated into a matrix^ 

Seated above, while the matrix^ 

value to have a matrix that is of such a •^^^^^ ^"desirable" that the matrix encourage 
comes into contact with substantially all the surfaces. " J S J ||ed sleeve of fiberglass mesh, 

turbulent flow of the fluid through itsel . a resU t tha is w *^™*XTm of moving, reducing or 

deSn?^ 

^t^Z^r^^t^^ — photoreacts. 
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5 The invention also consists of apparatus for carrying out this method 

Brief Description of the Drawings 

* is F f nnr! Ci !t eXamp,e ° f , the ' ml ° n is i,,ustrated «" the drawings, in which 
15 Figure 1 Is a perspective view of a matrix; and 

Figure 2 shows an example of how such a matrix can be used in practice. 
De tailed Description of Preferred Embodiments 
The matrix is a mesh substrate consisting of two transverse series of fiberalass strand* m with ^ ♦ 

The preferred method of bonding anatase to the fiberglass strands of a mesh is as follows: 
1. Preparation of Titani um (IV) Alkoxide Solution in Alcohol 

SruSTlre S,,mng t0 6nSUre COmP ' e,e miXin9 ° f ,hS S0 ' U,i0ns - The ™* ratST 2umltde A 

Solution A; Solution B : 

'"' ater x - 93 titanium ethoxide 1.00 

nitric acid 0.02 ethanol (anhydrous) 40.6 

ethanol 11. s 
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2. Fiberglass Mesh Cleaning Procedure 

1. Heat in oven at 400° C for one (1) hour 
60 2. Soak in Wo (weight/weight) NaOH solution at 85-95°C for 10 minutes 

3. Soak in 1N HCI at 40-60=C for 30-120 seconds 

4. Rinse with isopropyl alcohol 

5. Dry in oven at 100-200- C until ready to dip 
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3 Coating of Base Material 



4. Heat Treatment 



The coated material Is treated at 400° C as follows: 10 
Heating rate - room temperature to 400°C in 2-5 hours 
Soak time = 1 hour at 400° C 

Cooling rate = 400°C to room temperature ****** m °' m v °™ atlons ^ possible. In particular, it has been 

shr el,m,nated by 

^rd^S^ the flxed photoreacjve materia, is caused to be contacted by the 

fluid can vary widely in size, shape^ and ge ner »' f n X 9 i« s Than 425 nm, preferablypeakingat340-350nm.lt 

The.ampwillbesuchastoemltl^ 
is notable that this range of ^ vele ^^K^J SnVwhere a source of power is unavailable. Th.s 
opens up the possibility of 3 £p<«nt to light at these wavelengths, or 

s^jk^jss srcrmatS? , n the ^ * *. — * * 

P ?uch a transparent jacket cou.d also be used in an arrangement in which one or more .amps are .coated 
outs.de the Jacket. b d , oxlde and other harmless by-products, the 

in addition to the converse of organic l**^ 0 ™™? conventional ultra violet sterilizers use 
light may simultaneously achieve some "^SaiSSaM wavelength at which the two strands of 

SSSon™ 
t^Th'SlS*- herein inciude the use of s matrix with 

ISfra^ 

^resSof Egging, due to the use of an open mesh-like structure, in contrast to a fi.ter with 

much smaller holes. invention has been described above purely by way of 

It will of course be understood I P went ™£™ scope of the invention, 

example, and modifications of detail can be made witmn tne so P 
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Claims 



1. A matrix tw use in a *** * 
characterised by a porous substrate having a photoreac Ive m ^* e n 7'^ s ° n fibrous or stranded base material. 

into a cylindrical. mrilRonwMlon aleava I' >J; . . M j^, masrial is nbarolasa 
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anatase, CdS, CdSe, 2n0 2 , W0 3 and Sn0 2 . 

m IfZ^Tu^f ° f a . matn " X accordln 9 t0 one of claims 1-6 with a source (18) of light for irradiatina the 

ess sasa activate ,he photocat ^ and — ^ » 

9 A SZZ ™ r r !^° Slnfl P hotoreac,iv « material to light of a wavelength to activate the same 
from A a 7lu chiSed bt brinX f W? ^ P °" U,antS ° r rem ° Vin 9 * killin 9 microorganisms 
material bondeS ^^m to or int. ? 9 ,,U ' d Int0 COn,ac, wi,h a P h <*>reactive ™tal semiconductor 
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